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1. Introduction 
During a survey for hepatitis, an abnormal hemo- 
globin was found in a 26 year old man. This hemoglo- 
bin (38% of the total) migrated, on cellulose acetate 
strips and on isoelectric focusing (IEF), like Hb F. 
Structural and functional studies showed that this 
abnormal hemoglobin was a new low oxygen affinity 
mutant: Hb Saint MandC o& 102 (G4) Asn -+ Tyr. 
This mutation is localized in the cri& contact. 
2. Material and methods 
Hematological data were obtained using standard 
methods. Blood for structural studies was collected in 
ACD. 
The abnormal fraction was detected by electropho- 
resis on cellulose acetate strips at pH 8.6 and by IEF 
as in [I]. Hemoglobin A2 quantification, citrate agar 
electrophoresis, the isopropanol stability test, and elec- 
trophoresis of globin chain in 6 M urea buffer at pH 6 
and 9 were performed using standard techniques. 
For structural studies the abnormal fraction was 
purified by preparative IEF. Techniques for globin 
precipitation, chain separation, aminoethylation, tryp- 
tic hydrolysis, analytical and preparative fingerprints 
and amino acid analysis have been described [2]. 
Abnormal PT-11 was isolated by column chroma- 
tography on Aminex A-5 and purified on a column of 
Bio-Rad AG 50 X 4. Manual sequential analysis of 
amino acid residues was performed by Edman degra- 
dation and dansylation as in [3]. Carboxypeptidases 
(AtB) from Worthington were used as in [4]. 
Oxygen dissociation curves in whole blood were 
measured at 37’C at the pH of the blood with an 
Hem-O-Scan analyser (American Instrument Co.). 
The 2,3diphosphoglycerate concentration was 
determined by the enzymatic method in [5]. 
3. Results 
3.1. Case report and hematological studies 
A French Caucasian 26-year-old male was referred 
to hospital for a hepatitis examination. A slight anemia 
was found (table 1). The clinical examination showed 
only a labial cyanosis. In order to explain this cyanotic 
anemia, some biological analyses were performed: se- 
rum iron, cobalamins, folates and haptoglobin, were 
Table 1 
Hematological data of the propositus 
RBC Hb PCV MCV MCH MCHC Reticulocytes Ferritin Hb Saint Hb A2 
(X lo’a/l) (g/dl) (l/l) (fl) (Pg) (g/d0 (X 109/l) (/Jgl 1) Mande (%) (%I 
: 3.16 9.6 31.4 99 30.4 30.8 2 _ 38.5 3 
3.92 11.8 35.9 91 30.1 32.8 1 44 _ _ 
aDuring hepatitis A; bafter complete improvement 
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all normal. Bone marrow smears were also normal. 
Blood gas analysis was performed: PaOll, 106 mm Hg; 
measured SaOz, 8 1%. 
Hemoglobin analysis by cellulose acetate strips 
showed an abnormal fraction (38%) migrating in the 
position of Hb F. By Betke’s method, Hb F concen- 
tration was 0.5%. The isopropanol stability test was 
normal. 
Some other members of the propositus’s family 
were studied. The mother displayed the same hema- 
tological and electrophoretical features. 
3.2. Structural studies 
Routine isoelectric focusing of the hemolysate over 
pH 6-9 revealed an abnormal band, migrating on the 
cathode side of the Hb A band, close to Hb F. This 
abnormal hemoglobin showed a pI higher than those 
of two control variants, Hb Hotel-Dieu [6] and Hb 
Pitie-Salpetriere [7] (fig.1). Electrophoresis of the 
globin in 6 M urea at pH 8.9 and pH 6.0 did not reveal 
any difference from the globin A control. 
The abnormal hemoglobin was separated by pre- 
parative IEF. Ampholytes were removed from the 
purified hemoglobin by column chromatography on 
a mixed bed resin of AC 501 X 8 (Bio-Rad). According 
to the percentage of the abnormal component and in 
the absence of doubling of the Hb As band, study of 
the b-chain was performed. The fingerprint of the tryp- 
tic hydrolysate of the aminoethylated P-chain was nor- 
mal, except for the absence of the /3T-11 peptide. The 
/3T-13 was quantitatively increased in Hb Saint Mande’ 
as compared to the /3T-13 of the PA chain control 
(fig.2). This spot which stained for Tyr, also stained 
positively for His and Arg, suggesting that this peptide 
was a mixture of the normal flT-13 and the abnormal 
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Fig.1. Isoelectric focusing in a pH gradient range 6 -+ 9: (1) 
hemolysate Saint Mande; (2) hemolysate HBtel Dieu; (3) 
hemolysate Bougardirey Mali; (4) hemolysate Pitie 
Salpbtriere; (5) control mixture 
Fig.2. Fingerprint at pH 6.4 of a tryptic digest of p-amino- 
ethylated chain from Hb Saint Mande’. The dotted circle indi- 
cates the position of the normal pT-11; the arrow shows the 
position of the new peptide according to the positive staining 
for arginine. 
To separate the (3T-11 peptide ,preparative chroma- 
tography on Aminex A5 was performed. The elution 
pattern obtained was normal excepted for the zone of 
the PT-11 which eluted more slowly than the (3T-11 
of the control (fig.3). Amino acid analysis revealed 
the presence of a peptide with the amino acid compo- 
sition of the PT-11, except for the presence of tyrosine 
and the lack of one aspartyl residue. 
On account of the presence of one aspartyl and 
one asparagine residue in the normal peptide, a manual 
Edmandansyl degradation was performed. The Asp 
residue /399 was present but it was uncertain as to 
whether the Tyr residue /3102 was present. A diges- 
tion of the peptide with a mixture of carboxypepti- 
dase A and B was thus performed. The results obtained 
gave the following sequence: 
Fig.3. Elution pattern of the tryptic hydrolysate of P-amino- 
ethylated Saint Mande chain on a column of Aminex A5. 
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96 91 98 99 100 101 102 103 104 
Leu His - Val - Asp - Pro - Glu - Tyr - Phe - Arg 
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Hb Saint Mande’ therefore contains the amino acid 
substitution PI02 Asn + Tyr. This substitution is in 
accordance with the mRNA sequence of the gene for 
the normal B-chain [8]. 
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3.3. Functional studies References 
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